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Endovascular debranching of the aortic arch
during thoracic endograft repair
Giancarlo Cires, MD, Robert E. Noll, Jr, MD, Francisco C. Albuquerque, Jr, MD,
Britt H. Tonnessen, MD, and W. Charles Sternbergh III, MD, New Orleans, La
Background: Treatment of complex thoracic aortic pathology increasingly requires coverage of one or more aortic arch
vessels. Endovascular debranching with a chimney technique can reduce or eliminate the need for surgical bypass. In this
study, we evaluate our initial experience with planned endovascular debranching of the aortic arch.
Methods:During a 13-month period, nine patients were treated with endovascular debranching during thoracic endograft
placement. Balloon expandable (n  7) or self-expanding stents (n  2) were deployed (innominate, n  2; left common
carotid, n  2; left subclavian, n  5) along with either TAG (W. L. Gore, Flagstaff, Ariz; n  8) or Talent (Medtronic,
Minneapolis, Minn; n 1) endografts. Four patients required six surgical bypasses to additional arch vessels (right to left
common carotid artery, n  2; left common carotid to subclavian artery, n  4).
Results: Indications for thoracic endograft placement were aortic transection (n  4), aortic aneurysm (n  2),
aortotracheal fistula (n  1), contained aortic aneurysm rupture (n  1), and acute aortic dissection (n  1). Endografts
were deployed into zones 0 (n 2), 1 (n 2), and 2 (n 5). Technical success of endovascular debranching was attained
in eight of nine patients, with maintenance of branch perfusion and absence of endoleak. Perioperative morbidity
included one myocardial infarction and one stroke that resulted in the patient’s death. During subsequent follow-up
(range, 2-25 months), there were no instances of endoleak secondary to chimney stents. All debranched vessels
maintained primary patency.
Conclusion:Endovascular debranching permits planned extension of the thoracic endograft over arch vessels while further
minimizing the need for open reconstruction. Short-term results indicate technical feasibility of this approach. Long-term
outcomes remain undefined. (J Vasc Surg 2011;53:1485-91.)
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oSurgical treatment of aortic arch pathology with open
repair is associated with significant morbidity andmortality.
Thoracic endografts provide a minimally invasive alterna-
tive to open repair and have been demonstrated to have
lower risk of complications when treating descending tho-
racic aneurysmal disease.1 Endografts have been deployed
in high-risk surgical patients for treatment of diverse pa-
thology, including aneurysms, transections, and type B
dissections with lower morbidity and mortality than open
repair.1,2 Expansion of endograft use to pathology extend-
ing into the aortic arch often requires coverage of one or
more arch branches in order to obtain an adequate seal.
Initially, open debranching procedures were applied to
restore flow to arch vessels. While less invasive than tradi-
tional open repairs, hybrid surgical debranching procedures
may still require sternotomy if innominate artery coverage
is required and, therefore, diminish some of the benefits of
endovascular surgery.3
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doi:10.1016/j.jvs.2011.01.053Branch stent grafts are being developed4 but remain
nder investigation and are not commercially available in
he United States. Coverage of the left subclavian by itself
as thought to be safe, but recent evidence has shown an
ncrease in neurologic morbidity without revasculariza-
ion.5 This has led to the recommendation that the left
ubclavian artery should be revascularized whenever possi-
le if it is covered during thoracic endovascular aneurysm
epair (TEVAR).6 In order to minimize or eliminate the
eed for complex reconstruction, simultaneous branch ves-
el stent placement via retrograde cannulation has been
escribed.7,8 In this study, we describe our initial experi-
nce with endovascular debranching of the aortic arch
sing chimney stents.
ETHODS
Between May 2008 and June 2009, nine patients un-
erwent TEVAR with associated debranching of the aortic
rch using an endovascular or “chimney” technique at the
chsner Medical Center. Through retrospective review of
ur thoracic endograft database, patient demographics,
urgical indications, operative and postoperative details,
ollow-up, and outcomes were reviewed. Data were supple-
ented with medical record review. Approval was obtained
rom the institutional review board for the retrospective
eview. Preoperative imaging was obtained with computed
omography angiography (CTA). All debranching proce-
ures were planned preoperatively as a less invasive method
f permitting continued branch perfusion despite coverage
ith a thoracic endograft.
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June 20111486 Cires et alProcedures were performed in an operating room with
a fixed fluoroscopy unit. General anesthesia and systemic
heparin were used in all the procedures. Spinal drainage was
used selectively in those patients deemed to be higher risk
for spinal cord ischemia due to distal landing zone within 6
cm of celiac artery, previous aortic surgery, or coverage of
the left subclavian artery. In patients with planned innom-
inate or left common carotid artery stenting, open bypasses
from the right to left common carotid, and left carotid to
left subclavian artery were performed. Right carotid to left
carotid bypasses were performed with 8-mm Dacron grafts
and tunneled in a retropharyngeal fashion. The proximal
end of the left common carotid was ligated and the distal
end of left carotid was anastomosed in an end-to-side
fashion. The Dacron graft was then anastomosed onto the
left subclavian artery in an end-to-side fashion. Carotid
subclavian bypasses were performed with either 8-mm Da-
cron or ringed polytetrafluoroethylene grafts. Surgical by-
passes were performed before TEVAR when possible. Gore
TAG (W. L. Gore, Flagstaff, Ariz) or Talent (Medtronic,
Minneapolis, Minn) stent grafts were deployed through open
common femoral artery access. When the femoral artery was
not suitable for the endograft deployment, a 10-mm Dacron
graft was sewn onto the common iliac artery for use as a
conduit.
Chimney stents were placed via percutaneous left bra-
chial artery access or open left common carotid artery and
open right common carotid artery access. After wire access
was obtained via arch vessel and thoracic aorta, angiogra-
phy was performed via percutaneous contralateral femoral
access to confirm positioning. The thoracic endograft was
then deployed followed by the stent in the arch vessel. In
cases where the endograft was placed in Zone 0, controlled
hypotension was achieved with inflation and downward
traction of an occlusion balloon at the right atrial-caval
confluence via femoral vein access.9 If this maneuver was
not successful in adequately reducing the blood pressure,
momentary cardiac arrest was achieved with intravenous
injection of adenosine. In order to perform zone 0 cases
correctly, three people were needed; one at the head of the
patient and two at the foot of the bed. Once the endograft
and branch stent were brought into place, the first assistant
inflated the balloon at the atrial-caval junction and pro-
vided downward traction to induce hypotension.While this
traction was being performed, another person deployed the
thoracic endograft followed shortly by deployment of the
branch stent in the innominate. After endograft and stent
deployment, simultaneous angioplasty of branch vessel and
endograft was performed using a standard noncompliant
balloon and a molding balloon, respectively (Fig 1). Com-
pletion angiogram was performed to evaluate for endoleaks
(Fig 2). Embolization of the left subclavian artery was
performed with 12-mm Amplatzer II plug (AGA Medical
Corporation, Plymouth, Minn) to prevent an endoleak.
Postoperatively, patients were placed on clopidogrel
(75 mg daily). Imaging with four view chest x-ray (Fig 3)
and CTA (Fig 4) was performed before discharge or at
initial follow-up visit. When applicable, surgical bypasses oere followed with a duplex ultrasound scan. Additional
urveillance was scheduled at 1, 6, 12 months, and yearly
hereafter.
ESULTS
Nine patients underwent TEVAR with planned cover-
ge of one or more arch vessels accompanied by endovas-
ular debranching using a chimney technique during a
3-month interval. The median patient age was 64 years
ig 1. Simultaneous inflation of balloons at atrial-caval junction
1), innominate artery (2), and thoracic endograft (3).ld (range, 35-85 years). Demographics and clinical fea-
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Volume 53, Number 6 Cires et al 1487tures of the study group are displayed in the Table. Indica-
tions for thoracic endograft placement were aortic transec-
tion (n 4), aortic aneurysm (n 2), aortotracheal fistula
(n 1), contained aortic rupture (n 1), and acute aortic
Fig 2. Completion angiogram showing perfusion of carotid-
carotid-subclavian bypass via innominate artery stent.
Fig 3. Chest X-ray showing thoracic endograft and innominate
artery stent.dissection with malperfusion (n  1). Fifteen endografts tTAG [W. L. Gore, Flagstaff, Ariz], n  13; Talent
Medtronic, Minneapolis, Minn], n  2) were placed in
ine patients. Endografts were deployed into zone 0 (n 
; Fig 5), into zone 1 (n  2; Figs 6 and 7), and into zone
(n  5; Fig 8). Patients underwent chimney stent place-
ent for coverage of the innominate artery (n  2), left
ommon carotid artery (n  2), and left subclavian artery
n 5) with balloon expandable (n 7) or self-expanding
tents (n  2). Four patients required six surgical bypasses
o additional arch vessels (right-to-left common carotid
rtery, n 2; left common carotid to subclavian artery, n
). Two patients underwent embolization of the left sub-
lavian artery. Spinal drainage was used in two patients. An
liac conduit was required in one patient.
Initial technical success was obtained in eight of nine
atients, with maintenance of branch perfusion and ab-
ence of endoleak. The sole chimney failure was in a patient
reated for an acute type B dissection with malperfusion of
isceral vessels. After chimney stent placement in the left
ubclavian artery with a 9  37 balloon-expandable stent,
n angiogram showed continued perfusion into the false
umen. The type IA endoleak from the left subclavian artery
tent resolved only after the stent was crushed using a Coda
alloon (Cook Inc, Bloomington, Ind) in the thoracic
ndograft.
Perioperative morbidity included one non-ST elevation
yocardial infarction and one death due to stroke at 5 days.
he perioperative death was an 85-year-old man who had
history of three previous strokes and who underwent
EVAR for a symptomatic 7.8 cm thoracic aortic aneurysm
ith chimney stent placement in the left common carotid.
wo days prior, he underwent a left carotid to left subcla-
ian artery bypass in preparation for coverage of the left
ubclavian. This patient had a known “shaggy” thoracic
orta, and had suffered a stroke during a prior coronary
ntervention. When the patient was extubated 2 days after
ig 4. Postoperative computed tomography (CT) showing chim-
ey stent and endograft side-by-side in the ascending aorta.he TEVAR, he was found to have a profound neurologic
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June 20111488 Cires et aldeficit. He underwent a computed tomography (CT) of the
head which showed evidence of embolic infarcts to both
hemispheres. A duplex of his cervical bypass showed that it
was patent. His fatal stroke was likely due to embolization
from the shaggy aorta.
Median length of stay was 12 days (range, 4-34
days). Primary patency was maintained in all chimney
branch stents and surgical debranching bypasses. Median
follow-up was 5 months (range, 2-25 months) during
which there was no evidence of endoleak due to chimney
branch stents. There was no incidence of fractures in the
bare metal stents.
Late complications (1 month) included two patients
who developed type IB endoleaks unrelated to chimney
stent placement. One of these patients was a 64-year-old
woman who underwent zone 0 TEVAR with an innomi-
nate chimney stent placement for a 9.5 cm pseudoaneu-
rysm who developed a type IB endoleak 2 months after her
initial surgery. This endoleak may have been secondary to
infection, as she required a pectoralis flap for a broncho-
pleural fistula 3 weeks after the TEVAR. She was treated
with an additional endograft. The second patient with a late
Table. Demographics and clinical features of the study grotype IB endoleak had been treated for aortic transaction. aespite a postoperative CT demonstrating successful treat-
ent of the traumatic injury, she re-presented to an outside
acility 5 months later with a rupture from a distal type IB
ndoleak. While the etiology of this leak is speculative,
eading potential causes would include inadequate oversiz-
ng of the endograft diameter, inadequate distal seal zone
ength, or infection.
Finally, there was one patient treated for acute aortic
issection (zone 2) who presented 6 weeks after successful
reatment with a clinically asymptomatic retrograde dissec-
ion not seen on initial postoperative imaging. This was the
atient who had required crushing of his subclavian stent to
eal a type IA endoleak. The patient underwent successful
perative repair.
ISCUSSION
Minimally invasive endoluminal approaches to thoracic
ortic pathology have received widespread acceptance. The
tark contrast between open thoracic aortic repair and
EVAR compels the vascular specialist to push the enve-
ope in order to treat as many lesions as possible with
EVAR.1 Aortic pathology extending into the thoracicuprch demands ingenuity in maintaining flow to critical
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Volume 53, Number 6 Cires et al 1489brachiocephalic vessels while attaining an adequate landing
zone for the endograft. There has been a wide variety of
techniques proposed to deal with these anatomic chal-
lenges.
In situ fenestration with laser or cutting balloons has
been described when covering the left subclavian artery
during TEVAR.10,11 This requires cutting the fabric of the
endograft with subsequent stenting of the fenestration.
While case reports are encouraging, the long-term effects of
cutting the endograft are not known at this time. Branched
endografts for the aortic arch are in development but are
not yet commercially available in the United States.
Here we described our experience with a technique that
uses currently available endografts and does not require
modification of the device. This approach allows mainte-
nance of branch perfusion with maneuvers that are cur-
rently part of the endovascular surgeon’s armament and
without having to open the thoracic cavity.
The main concern expressed when using a chimney
stent is that there will be a proximal endoleak due to an
inadequate seal from the chimney stent. In our experience,
we found that was not the case in the majority of patients
treated. The lone exception was a patient treated for a type
Fig 5. Illustration of zone 0 endodebranching.B dissection with malperfusion. After placement of the endograft and chimney stent, the patient had a persistent
ype IA endoleak. The dissection flap likely remained un-
pposed to the aortic wall, held open by the chimney stent.
his resolved with crushing of the chimney stent at the
nitial procedure. Subsequently, 1 month later, this patient
as found to have extension of the dissection proximally
ecessitating ascending and transverse arch replacement.
he proximal dissection was not present on a follow-up CT
hat was done 1 week post-TEVAR.However, this need for
sing angioplasty in a fragile aortic dissection could have
ontributed to the late retrograde dissection. This case
llustrates that use of chimney stents in the presence of type
dissection may be a poor option.
There is also fear that apposition of the endograft and
he bare metal stent will lead to fracture or loss of integrity
o either. While the long-term effect of the interaction of
hese two devices is not known, we have not seen any
etrimental effects. Furthermore, there is apprehension
egarding patency of branch chimney stent. In our experi-
nce thus far, we have not had any instances of occlusion of
he chimney stent.
Two groups have previously reported favorable results
ith this technique.7,8 There are several differences in our
eries. In the previous reports, some chimney stents were
sed for inadvertent coverage after TEVAR. Therefore, the
Fig 6. Illustration of zone 1 endodebranching.ndograft was deployed before retrograde access via branch
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planned; therefore, retrograde access of aortic branch ves-
sels was obtained before endograft deployment.
The ideal choice of stent type for the chimney pro-
cedure is poorly defined. It is unclear whether balloon-
expandable vs self-expanding stent placement, bare or
covered has any effect on outcomes. Previous series have
used a combination of both. We used primarily balloon-
expandable stents for their precision and radial strength.
In two instances, a balloon-expandable stent was added
inside a self-expanding stent because the residual lumen
appeared significantly compressed by the adjacent tho-
racic endograft. While not used in this series, a covered
stent would have the theoretic appeal of decreasing the
likelihood of a type IA endoleak. However, there would
still be “gutters” on either side of the stent. With the
exception of the patient treated for acute dissection, we
have not seen any type IA endoleaks associated with bare
metal stent use for chimneys.
While our results are encouraging, it is difficult to
interpret due to the small population studied and the
relatively short follow-up. Without exception, our patients
had multiple comorbidities or severe injuries placing them
Fig 7. Illustration of alternative to endodebranching for zone 1.at higher or prohibitive risk for conventional open surgery. Ohese techniques were used in many instances to extend
efinitive therapy to patients who otherwise would have
een declined standard operative repair. It is unclear
hether a relatively healthy patient without previous ster-
otomy should forego traditional open surgery in favor of
his minimally invasive technique.
ONCLUSION
Endovascular debranching of the aortic arch with
himney stents provides a minimally invasive alternative to
pen surgery with readily available devices. Using this
echnique, proximal landing zone can be extended into
one 0 without needing to perform a sternotomy and
imiting the number of debranching bypasses. Short-term
esults indicate that a proximal seal can be achieved with a
himney stent in place. Long-term follow-up is needed to
etter understand the durability of this technique.
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